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@ Ink compositions and pr o cess for ink \et printing. 

A jet ink composition curable by exposure to ultra violet 
and used in the method for producing visible Indicta on 
substrates, such as glass, metals and polymers comprises 
(A) between 1 0 and 70% by weight of an epoxy resin selected 
from (i) digfyddyl ethers of bisphenol A, said resin being 
predominately the nrK>nomer thereof, (11) polyepoxidized 
phenol of cresol novolaca, (tii) diepoxide ethers or esters 
having two epoxy cydoalkyl groups Gv) potyglyddyl ethers 
of potyhydric alcohols, and (v) comlnnations thereof, saxi 
epoxy resin and having an epoxy equrvaiem weight of less 
than 300; (B) 1 to 12% by weight of a photoinitiator capable 
of rapidly polymerizing the epoxy resins and of the type that 
provides a Lewis add effective to initiata the polymerization 
reaction upon exposure to ultra-violet light (O less than 2% 
by weight of pigment or dye that does not adversely affect 
during of saM resins, and a soh^ent blend containing solvems 
selected from aliphatic alcohols of one to five carbon atoms, 
alkyi ketones oftwo to five carbon atoms, aromatic hydrocar- 
bons of benzene, toluene and xylene, propylene carbonate, 
ethylene glycol ethers of 3 or 4 carbon atoms, and alkyl 
acetates of 2 to 4 carbon atoms. The method involves 
exposing deposited indida to ultra violet light to cure the 
indlda within a tack free time of less than 30 seconds. 
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"INK COMPOSITIONS AND PROCESS FOR INK JET FRINTING" 

The psresent invention relates to ink compositions 
for ;)et printing and a process for ink Jet printing. 
3 Ink cdspositions according to this invention are 

suitable for use in hi^ speed Jet ink printing systems, 
and basically comprise a low molecular wei^t polymerizable 
resin or blend of such resins, a solvent system, a 
colorant, and a x)hotosensitive catalyst which, upon 
10 exposure to ultra«>violet li^t, activates the 

I)olymerization of the resin or resin blend to provide 
a dry non-tacky printed image on a substrate • 

A Jet ink printing system dispenses discrete 
droplets of ink throu^ a fine Jet nozzle to a substrate « 
15 In this method of printing, unlike letter press gravux*et 
silk screen, and other printing techniques, there is no 
contact between the printer and ax-ticle. The ink 
droplets, ndiich have a defined resistivity, ere charged 
so that they can be deflected by an electric field 
20 when dispensed from the nozzle. Jet ink printing is 
of considerable importance in applying decorative and 
identifying indicia to a variety of substrates, including 
glass 9 metal and S3^ithetic polymeric substrates • U.S. 
I>atents 3»465,350 and 3f^5,351 are exemplary of Jet 
25 ink printing systems • 
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Inks to be used In Jet printing have specific 
viscosity and resistivity limitations, should provide 
good wettability of the substrate, and must be quick 
drying and smear resistant. Die inks must also display ^ 

5 a consistent drop breakup lengiSx, drop velocity, and 
drop charge under machine operating cwiditions. 
Ftirther, the must be compatible both with the Jet 
printing equipment, and in tiie eventual end use application. 
. With regard to -Oie former it is critical that the ink can 

10 flow through the. fine Jet nozzles without clogging 

Typi «^any , Jet inks comprise -Qiree basic 
conqKments - a col03?ant such as a dye or pi^nent; a 
resin binding agent which adheres to "ttxe substrate 
15 surface and serves as a vehicle for the colorant; and 
a carrier fluid or solvent for the colorant and binding 
agent, the solvent evaporating upon application of the 
ink. In Jet printing inks an electrolyte is commonly 
included to adjust the resistivity of the ink, and thus 
20 ensure that "Bie droplets can be adequately charged 
hereby proper deflection is achieved. U.S. patent 
4,021,232 to Banczak et al is representative of -Oiis 
type of Jet printing inks. Banczak uses from 1 to 
25J6 by weight shellac as the b i ndin g agent, between 
25 0.5 to 5.G56 by wei^t of a basic dye as the colorant. 



0071345 

- 3 - 

and a solvent blend consisting essentially of alcohol 
and water. Other patents reflective of "Uie ^^nczalc 
approach include U.S. 4,024,096; 4,186,020; 4,070,322; 
4,168,254 and 4,168,662. 

5 Inks disclosed in the aforesaid references 

typically contain low concentrations of resin bixiding 
agait. Hi^ resin concentrations increase the ink 
viscosity as well as the likelihood of the resin in 
the ink solution being suspended or precipitated, 

10 Viscosity and solubility problems are further aggravated 
when a pigment whicdi is typically insoluble in the 
solvent system, is incorporated in the ink. An example 
is titanium dioxide. Low resin concentrations are not 
preferred because large volumes of solvent, which flash 

15 evaporates durijig use of the ink, are necessary thereby 
increasing the size of the ink reservoir, -Bie printing 
equipment azid costs associated with transportation and 
storage of the laak itself. 

Low molecular weight liquid resins can be 

20/ incorporated into an ink solvent at.hi^ concentrations, 
but such resins result in tacky, easily smeared indicia 
on the substrates to which it is applied. Fuiiiher, 
many low molecular weigjit resins are often toxic, and 
cannot be used in marking food packages or in other 

25 consumer oriented applications. 
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As disclosed In U.S. Patent 4,228,438, certain 
low molecular wel^t resins (e.g., prepolymers) 
obtained by the reaction of acrylic acid with epoxy 
or urethane compounds are photosensitive to ultra 
5 violet 110it. Such sensitivity Is occasioned by -Gie 
presence of carbon double bonds. Photoinitiators such 
as benzoin derivatives, when exposed to UY li^t, 
provide free, radicals which promote polymerization of 
the resin after tiie resin has berax applied to the 
10 substrate, thereby providing indicia of hi^ molecular 
wel^t. Visibility of the indicia is pixsvided by the 
inclusion of pigments such as titanium dioxide. The 
pigment has a particle size below 40 mlrarons, and 
preferably below 5 microns. 
L5 In contradistinction to tliese epoxy-acrylic and 

urethane-acryllc resins which are cured by ft^e radical 
polymerizations, resins used in the present invention 
are catlonically polymerizable epo:^ resins, aach 
resins have been used as polymeric coatings and laminates 
20 for flexible packaging, especially cardboard cartons. 
Jn this class of polymerization reaction, the photo- 
initiator, upon exposure to ultra violet light, dissociates 
forming in the presence of water a hydronium ion and 
Lewis acid anion. The hydronium ion cleaves the oxirane 
25 ring leaving a parbonium ion available to continue the 
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polymerization by reaction with another oxirane ring* 
A detailed analysis of the mechanism is disclosed in 
^'Hiotosensitized Epoxides as a Basis for Lig^t- 
Curable Coatings" by William R« Watt, American Chemical 
5 Sociely Symp. Ser. 114^^ Epoxy Resin Chemistry, Chapter 2 
(1979) • 

This invention aims to provide a Jet ink 
composition which comprises a hi^^ percentage of low 
molecular weight epo^qr resin constituents which are 

10 polymerizable upon ax^plication to provide cuared, rub 
and smear resistant indicia rapidly, upon application 
to a substrate » when exposed to source of radiation 
namely ultra-»vidlet lights Desirably the ink 
composition contains as a colorant, a dye that will 

15 neither clog the Jet printing nozzle nor interfere in 
the curing process. Rapid cure of the epoxy resin 
upon application and irridation is achieved by a 
suitable photoinitiator in the ink. 

The invention also provides a method for printing 

20 an actinically curable jet ink composition on a 

substrate, the indicia being rendered rub and smear 
. resistent essentially ugoa aijplication of ultra violet 
lifi^t. 

According to the jiresent invention, there is 
23 provided a jet ink composition for producing visible 
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Indicia on a substrate, the ink composition being 
fornulated trtm a polynerizable epoxy resin, a colorant 
and a solvent, characterised In that the ink composition 
has at 25°C a viscosity of 1.5 and 25 mPa.s, a 
resistivity of less than kOOO dhn-cm., and a velocity 
of sound between 800 and 2,500 meters per second, and 
the ink composition comprising (A) 10 to 70% by vei^t 
of an epoxy resin selected firom (i) diglycidyl ethers 
of bisphenol A, said resin being predominately the 
monomer thereof, (ii) polyepoxidized phenol or cresoL 
novolacs, (iii) diepoxide ethers or esters having two 
epoxy cydoaUqrl groiq>a, (iv) polyglycidyl ethers of 
polyhydric alcohols, and (v) conbinations thereof, taie 
said epoxy resins being liquid at room temperature or 
having a Durran melting point of less than lOO^C, , 
and having an epoxy equivalent weigjit of less than 
300; (B) 1 to 12J6 by weigjit of a photolnitiator, c^Ue 
of rapidly polymerizing "Hie epoxy resins, ^ch provides 
a Lewis acid effective to initiate said polymerization 
reaction upon exposure to a source of radiation such 
as ultra-violet li^t; (C) less than 2S6 by weigh* of 
a colorant that does not adversely affect cure of ibs 
epoxy resins; and (D) a solvent blend contai n i ng 
solvezxts selected ff om aliphatic alcohols having one to 
five carbon atoms, alkyl ketones having two to five 
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carbon atoms, aromatic hydrocarbons of benzene, toluene 
and xylene, propylene carbonate, eiiiylene glycol ethers 
having three or foiir carbon atoms, allcyl acetates 
having two to four carbm atoms, and combinations of 

5 these solvents, the scAvent blend being volatile at 
ambient conditions • 

Also according to the present invention, there 
is provided a process of ^et printing for producing 
visible coded messages oa glass, metal or polymeric 

10 substrates, characterised by 

(1) forming a ;Jet ink composition having (at 25^C) 
a viscosity of 1.5 to 25 mPa.s, a resistivity of less 
than 4000 dhm--cm., and a velocity of sound therein of 
800 to 2,500 meters per second, the ink composition 

15 being formed from (A) 10 to 70% by weight of an epo^ 

resin selected from (1) dlgpLycidyl ethers of bisphenol A, 
said resin being predomlnatly the monomer thereof, 
(li) polyeposidizied phenol or cresol novolacs, 
(ill) dlepoxide ethers or esters having two epoxy 

20 cydoalkyl groups, (iv) polyglycidyl ethers of poly- 
hydrlc alcohols, and (v) ccwnbinatlons thereof, the 
epoxy resins being liquid at room temperature or having 
a Durran melting point of less than lOO^C. and having 
an eposqr equivalent weight of less than 300; (B) 1 to 

25 1256 by weight of a photoinitiator capable of rapidly 
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polymerizing the epoxy resins and of the type that 
provides a Lewis acid effective to initiate said poly- 
merization reaction upon e3q)Osure to a source of 
radiation such as ultra-violet li^it; (C) less than 25« 
^ wei^t of a colorant that does not adversely affect 
cure of the resins, and (D) a solvent blend containing 
solvents selected ftom aliphatic alcohols of one to 
five carbon atoms, alkyl ketones of two to five carbon 
atoms, aromatic hydrocarbons of benzene, toluene and 
xylene, propylene carbonate, ethylene glycol ethers of 
three or four carbon atoms, alkyl acetates of two to 
four carbon atoms, and combinations of same, said solvent 
being volatile at ambient conditions; 

(2) diBfiWgt^g the ink composilion as a stream 
of electrically deflectable droplets throu^ a nozzle; 

(3) passing a substrate Ijeneath the nozzle, 

(4) deflecting the droplets onto the substrate 
in response to pre-set electric signal to form the 

coded message, and 

(5) contemporaneously exposing the deflected 
ink composition to a source of the said radiation, 
whereby the photolnitiator releases sufficient amounts 
of the Lewis acid to effect rapid and substantial 
polymerization of the epoxy resin constituents. 

The invention is now described in more detail by 
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\mj of exaoople only« 

The ^et Ink coniposltlon embodyizig the present 
invention comprises an epoxy resin or blezid of such 
resins which polymerize rapidly in the presence of a 

5 photoinitiator and xipon e^cposure to a sou2*ce of radiation^ 
said resin or blend of resins providing a strongly 
adhering Indicia on the substrate resistent to smearing 
and rubbing* The coosposition contains a photoinitiator 
of the type which provides a Lewis acid ixpon exposure 

10 to radiation^ preferably tiltra-vlolet li^t, and a 
colorant which is either a pigment or a dye, but is 
preferably a dye, that does not adversely affect the 
polymerization reaction. The foregoing constituents 
are contained in a solvent or bl^3d of solvents, azid 

13 the solvent system Is such as to be capable of solvatlng 
■Qie resin, dye and photoinltator constituents. The 
ink constituents are combined in such proportions as 
to obtain a jet ink composition whose viscosity is 
about 1.5 to about 23 mPa.s at 23^C, px*eferably 1«3 

20 to 18 mP&.s, a resistivity of less than 4000 ohm-K^m, 
and a velocity of sound of between 800 to 2300 meters 
per secozid. 

The epoxy coxistituent is selected from one or 
more of the following: dlglycldyl etiiers of blsphenol A; 
25 diepoxide ethers or esters having two eposcycydoalkyl 
groups; polyepoxldized phenol or cresol novdacs; and 
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polygiycidyl ettiers of a polyhydric alcohol, -^se 
resins having an epoxy equivalent weie^it of less than 
about 300, 5he epoxy constituent is present in the 
ink in the range of 10 to 7056 hy wei^t of the ink. 
5 The preferred ink includes a dlglycidyl ether of 

bisphenol A alone or in combination with other epoxy 
resins. 

The preferred pihotoiniator to obtain rapid cure 
times is bis-[4-(diphenylsulfio) phenyl] sulfide 
10 bis-M.X6 initiator, wherein M is selected trom the 
group consisting of phosphorous, antimony or arsenic 
and X is a halide, particularly a fluoride. The 
initiator is present in concentratiois of 1 to about 
129£ by wei^t. 

15 The solvent system preferably comprises a blend 

of solvents selected from the groups consisting of 
aiVy T ketones having 2 to 5 carlxm atoms and alix>hatic 
alcohols alcohols of 1 to 3 carbon atoms. OUier 
l^drocarbon solvents may be used, provided the solvent 
20 systraa solubilizes -Oie other ink constituents, and is 
cm^atible for use wi-Oi det printing equipment. 

Jn use -Hie ijak is fed firom a siqiply reservoir to 
the nozzle of the jet printing apparatus and is then 
dispensed as a coded series of droplets onto the 
25 substrate. Evaporation of the solvent blend from -Qie 
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droplets is achieved rapidly, and deposited Indicia 
cure upon radiation. Because the amount of iny 
actually printed is small, most Jet printers transfer 
ink fjram the siqiply reservoir in a larger and more 

5 controllable volume, apply only the quantity needed - 
to the substrate, and rec3rcle the excess. However, 
the entire flow of ink from the reservoir discharges 
through the nozzle at atmospheric conditions, and Hie 
resulting flash vaporization caxises a change in the 

10 cycled ink composition. For this reason it is preferred 
to reconstitute the cycled ink with make-up solution 
consisting essentially of solvent, althou£^ the 
make-i:^ may also include non-solvent constituents if 
reqiiired. The make-up ink solution is formulated 

15 specifically to re-attain approximately the siqyply 
reservoir composition for subseqjuent re-use of the 
cycled ink. 

The present jet ink compositions have as primary 
constituents a colorant, an epoxy resin binding agent, 
20 a solvent or blend of solvents, and a photoinitlator 
^dilCh forms a Lewis acid and a cation upon exposure 
• to a ra d iation source, for example, an electrtmiagnetic 
or ultra violet li^t source. The scAvrat system is 
preferably eulapted to provide hydrolysis of the Lewis 
25 acid resxalting in the formation of a positively charged 
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hydronlum Ion. Each, of "Uie primary constituents must 
be In proper proportion to achieve both suitability 
for the 3et ink printing apparatus and for adhesion to 
the particular substrate. To meet these use 
reqjiirements, the following standards should be attained: 

(1) Tt^vs should dry effectively instantly, or 
be smear resistant vpaa irridation with subsequent 
GoatpLete drying in about 60 seconds, and preferably 
in less than 30 seconds. That Is, -Bie epaccf resin 
contained within the ink composition should cure sub- 
stantially within this timespan, and the solvent should 
be essentially completely evaporated taiereftom leaving 
a non-tacky, smear-resistant printed image. 

(2) Ink viscosity should be from al)out 1.5 to 
about 25 mEa.s, preferably 1.5 to 18 mPa.s. 

(3) Cured or Irradiated indicia printed on glass 
substrates should eadiibit ready adhesion thereto, be 
abrasion and fade resistant, and have an ability to 
withstand conditions of moisture and elevated temperature 
encountered during conventional pasteurization 
operations. 

(4) As applied to metal or synthetic polymeric 
surfaces, the cured indicia should exhibit resistance 
to fading and be able to main tai n adhesion under 
pasteurization conditions when Immersed in aqueous 
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solution for 15 minutes at 150^ (65.5**C)* 

(5) Cured indicia printed on bottles should 
exhibit resistance to removal by lubricant soaps 
' conventionally used by bottlers on conveying lines. 

5 (6) Inks should have a minimum shelf life of 

about one month, preferably about three months* 

Fade resistance as used herein means that cured 
indicia should remain visible on the siibstrate for a 
period of not less than three months. Shelf life is 

10 defined as the ability of the ink to cure and to 
provide a visible linage on the substrate upon use 
after storage at ambient conditions for not less than 
one month. Of course, the inks should be stored in a 
daiic container to prevent premature polymerization. 

15 The Individual constituents of the pi*esent inks 

will now be discussed in more detail. 
Resin Binding Agents 

The ink craqpositlons of the present invention 
contain at least one epoxy resin constituent 

20 characterized by two or more cxirane rings ^ said 

epoxy resin, i.e., essential prepolymer, being soluble 
in the solvent system, and preferably being a liquid 
resin. The epcjocy resins or blend of such resins must 
be present in sufficient concentration so that a 

25 hardened Indicia is formed after application of the Jet 
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ink to the sixbstrate, and upon drying and curing. As 
lised herein, drying relates to the evaporation of the 
solvent troa. ink droplets during application and also 
from the indicia during ttie curing period. Curing 
5 on the other hand concerns liie polymerization of the 
epoxy prepolymer(s) upon initiation of the reaction. 
In addition to "Bie aforesaid epaxj resins included in 
the det ink composition, other non-reactive and/or 
reactive resins may be included optionally to enhance 
10 one or more properties of the ink itself or "ttie Indicia. 
Selection of the essential prepolymer provides 
a means by ^ch "Uie ink prqperties and indicia attributes 
may be influenced. It is necessary to obtain a final 
ink coii?)osition having a viscosity of 1.5 to 25 mPa.s 
15 at 25®C., preferably 1.5 to 18 mPa.s. Althou^ the 
choice of solvent system is of primary importance in 
achieving the desired viscosity, prepolymer selection 
and concentration is also an important factor in 
obtaining inks \ibich. do not clog the fine d©* nozzles. 
20 The choice of prepolymer blend is also quite important 
in obtaining an ink conrposition idiich cures rapidly 
t5K)n initiation, and within the time constraints stated 
previously. Of course, choice of initiator is also to 
be considered in achieving rapid cure, and should be 
25 con5)atible with the prepolymer used. It has also been 
found that proper prepolymer selection will result in 
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indicia that provide good adhesion to a variety of 

substrates 9 for example , glass , polyester tape, aluminum, 
and low density polye-Qxylene. Proper prepolymer selection 
also provides indicia vith good resistance to removal 

5 by vater, soapy ^ter or oil* 

By using curable prepolymers of relatively low 
molecular vei^t as opposed to hig^ molecular weig^it 
z*esins now commonly used in ;)et inks, an ir*ic may be 
fashioned which is within "Qxe viscosity limitations 

10 of -Uie ^et printer, yet which may contain a very 

high percent of the prepolymer • Hence, the Inks of the 
present invention require low solvent concentrations 
thereby reducing manufacturing, transportation and 
storage costs « 

13 Ihe ^et inks of the present invention must 

contain at least one epoxy resin of prepolymer selected 
from the previously given list of resins having an 
epoxy equivalent wei^t of less than about 300. 
Preferably, the resins are liquids, all^ou^ low melting 

20 point solids can be used provided that "Qiey are soluble 
in the solvent system, and do not Increase the viscosity 
of the ink above the 25 mPa.s limit. At least one of 
the above noted resins is required to provide a cux*ed 
polymer that adheres readily to the substrate, althou^ 

25 blends of the said resins can be formulated for improved 
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adhesion, and to provide ink compositions having 
^eci£ic viscosity and cure time properties. 

Diglycidyl ethers of bisphenbl A (DGEBA resins) 
have the structure 



CH^CHCHj^O 




CH3 

CH3 



10 ax^ are prepared the reaction 01 epicblor^h^ln 
a»l Wsphend A. F„r use In presen* Jet 
BSEBA ream ahould have average molecular veight of 
leas ^l»n ahout TOO. and should have an ep«cy eqolvalent 
«lght hetween about 170 to shout 300. preferahly about 
15 170 to about 230. H««>e. ibe K5EB» resm «m be a 
cc^ising predominantly the monomer (n^). 
and succe«iiv.ly lesser amounts of the di-er (n^). 
tri«r" (n.3). etc. Preferably the DOEBA resin vlll 
,.e a vl«:ous liquid having a viscosity of 5000 to 35000 
20 ^.s at 25°C., although small concentrations of higher 
^coslty resins or lo« melting point resins *ose 
^ melting point is less than about lOO'c may be 
included. 

DtffiBA resins having «» aforesaid properties are 

25 oo>«ercially avail«>i« ^^^^ 

fcr e»mple. Ciba^ilX ^ "^"^ 



-17 



0071345 



iffiALDITE, e.g., ARALDITE 6020; Dow Chemical Company 
under the DER trademark* e.g. DER 351* Celanese Corpor- 
ation EPI-REZ, e.g. EPI-REZ 510; Reichhold Chemicals, 
Inc. EPOTUF, e.g. EPOIDF 37-139; Shell Chemical 

5 Company EPON, e.g. EPOM 825; apd Union Carbide ERL, ■ 
e.g. ERL 2774. 

Phenol or cresol novolacs are obtained by a 
condensation- reaction between formaldehyde and cresol 
or phenol in the presence of an acid catalyst and have 

10 the structure (for phenol) 




15 . 

PolyepoodLdized phenol or cresol novolaks are prepared 
by etherif ication of two or more of Hie hydroxyl 
20 groxips, e.g.. 
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Su<di resins should have molecular weights on the order 
ot 1000 and eposcy equivalent vei^ts rangjLng between 
170 to about 235, and are available as liquids or low 
melting point solids.^. Preferably, liquids are used in 
5 the 3et inks, the viscosities thereof ra nging between 
1400 to 70000 niFa.s at 52°C. Inclusion of these resins 
vitiiin -iAie jet ink cooqposition is advantageous in that 
■ttie resulting polymer crosslinking will be bran^ied 
•Oiereby providing improved adhesion to the substrate, 
10 especially for substrates ultimately subjected to 
water, soapy water or oil. 

The novolac epoacy resins are widely available 
commercially, for example, Ciba-Geigy Con5>any EEN, 
e.g. EEN 1139; Dow Chemical Company DEN, e.g., DEN 438; 
15 Celanese Corporation EPI-REZ, e.g., EPI-JffiZ 5156; 
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Relchhold Chemicals, Inc. EFOTUF, e,g«, EFOIUF 37-170; 
Shell Chemical Company EFON, e.g., EFON 154 and Ibiloa 
Carbide ERR-0 00. 

!Ehe di^oxidized esters are obtained by reaction 
of an epoxidlzed cyclic alcohol and an epoxidlzed 
cycloalkanecarboxyllc acid. Exemplary of this class of 
resins is 3»4-epo3tycyclohe3qrlmethyl-3,4-epoxycyclohexane 
carbo:7late sold under the trademark ERL 4221 by Union 
Carbide Plastics Division and whic^ has the structure 

It Is xznderstood that many functional groiqp substitutions 
can be made malnt^alnlng the presence of the two ring 
saturated epoxles. For example, bis (3t^epox7-6- 
methylcyclohejgrl methyl) adipate which has the 
structure 
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azuL is available as ERL A289 from Union Carbide, Is 
suitable for Inclusion In the ;)et Ink ccaoposltlon. 

Exemplary of the dlepoxlde ethers used herein 
Is bis (2,3-epooqrcyclopentyl) ether of the 
5 structuiral fonnula 

10 

sold by Iftiian Carbi<te under the trademark ERLA.-W)0. 

Preferably, the jet ink will contain the IXSBk 
resin not only because it provides good curing and 
adhesion properties, but also because it is commercially 
15 available in a wide choice of desirable viscosity 
ranges. It is also preferred, however, to include 
one or more of the other above designated epojxy resins 
to regulate cure time and to improve adhesion character- 
istics of the cured indicia. Thus, resistance to 

20 removal by water, soapy water, oils and organic solv«its 
is improved by indudixig novolac or bis (epoxycydoalkyl) 
ester resins, \Aiile cure time can be increased by 
Including either the dlepoxlde esters or ethers nasied 
. above. 

25 ^ ■ • 
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3.0 



i 

w 

) 15 



4 

20 



It Is also possible to Include glycidyl ethers, 
^^or exasaple, monoepoxldes of the general structure 



where R nay he an alkyl group of 4 to 12 carbon atoms, 
an aryl group, or an alkene group of 2 to 6 carbon 
atoms. These epoxides are commonly called reactive 
diluents, and can be used to ad;Just the viscosity of 
the ink composition, but are not essential to the 
present invention. Other polymerizable resins, for 
example DGSEA resins of very hi^ equivalent wei^t, 
i.e., .YARCUM 29-108 manufactured by Reichhold Chemicals, 
Inc., vhich resins are sometimes used as binding agents 
dn jet inks not designed for curing by DV light, may 
3De included to enhance properties of the ink. 

Ottier resins, not polymerizable iresins, for example, 
rosins, particularly maleic acid, ftonaric acid and 
pentaerythritol modified rosens, acrylics and 
polyacrylics, and polyvinyl acetates may also be 
incorporated to provide better adhesion to the substrate, 
typically, these other resins will be present in the 
inlr in an amount less than 15% by weight. 
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Bho-bolnltiator 

The catalyst or photolnitiator used- herein is of 
the type whi<dx, upcaa. exposure to a radiation source, 
e.g., ultra violet li^t, foms a Lewis acid. It is 
essential that the initiator chosen should promote 
rapid cure of the resins Included in tSxe jet ink and 
be stable over the shelf life of the ink. It is also 
la5)ortant that the initiator be relatively insensitive 
to humidily, inasmuch as many higjh speed bottling lines 
operate at variable ambient' conditions. Suitable 
Initiators are the aromatic diazoium salts of complex 
halogen halides, i.e. salts tabulated in Table I of 
U.S. 3,936,557; aromatic onium salts of elements in 
Grov5)s Va and Via of the Periodic classification of 
the elements for example, salts described in U.S. 
Patents 4,058,401 and 4,069,056 diaryliodonim salts 
disclosed in Crivello et al, "Photoinitiated Caticnic 
Polymerization Using Diaryliodonium Salts" J. of 
Radiation (firing, July 1972, and bis-[4-(diphenylsxjlfonio) 
phenyl^ sulfide bis-M.X6 initiators disclosed earlier 
in -Oiis specification. The last iaenticoed dass of 
initiators is disclosed in U.S. 4,201,640 assigned 
to Merican Can Company. 

The preferred initiator is bis-[4-(diphenylsulfonio) 
phenyl] sulfide l;»is-hexafluorophosphate (BDS), manufactured 
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by ourselves, and is solvated to a 33% by wel^t solution 
In propylene carbonate. However, triphenylsulfonium 
hexafluorophosphate (IPS) also rapidly cures the resin. 
It is believed thAt conventional electrolytes, 
3 generally necessary In conventional jet jbik fonmxlatlons 
to achieve the proper resistivity of less than 4000 
ohm-cm., preferably less than 3000 ohm. -cm., interfere 
with the photolnltlatlng reaction, probably by 
neutralizing the Lewis acid. ' However, the aforesaid 
10 BDS and TPS initiators, and most likely other coii5>lex 
salt initiators, when provided in excess of the amount 
required to trigger the curing reaction, do provide 
the specified resistivity. Hence, while onLy 0.3 to 
3.056 initiator by wei^t would generally be 
15 considered appropriate to start polymerization, we 
prefer to add between 3 to 12% initiator by weight. 
Percentages referred to in the preceding sentence are 
on an inert free basis. That is, solvents such as 
propylene carbonate for BDS initiator, and other inert 
20 materials that may be in the initiator formulation as 
obtained tram the source of supply are not ixicluded 
in said percentage ranges. 
Colorants 

Coloirants used herein are either dyes or pigments. 
25 Pigments are defined as any substance, usually a dry 
powder insoluble in water or organic solvent, that has 
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a positive colorant value and imparts color to ano-Oier 
si&stance, e.g., metallic oxides for instance of 
titanium. Because pigm«its are insoluble in Ink 
conqjositions, they are included as fine powders, typically 

5 below 5 microns, yet -Oiey stilJL tend to plug the fine 
Jet nozzles. For this reason, dyes soluble in the 
solvent system are the preferred colorants. However, 
most dyes, which contain active organometallic 
con5>lexes, have been found to affect the cure mechanism, 

10 especially those dyes with sulfur and sodium groins. 
We have found that certain azo/metal complex dyes do 
not adversely affect the initiator for exgnple. Spirit 
Soluble Fast yidet RR, manufactured by BASF-l^randotte 
and Qrasol Black RL by Ciba-Geigy, Inc* 

15 Solvent System 

The organic solvent serves to reduce tiie viscosity 

« 

of the ink composition to values suitable for use in 
Jet printing equipment. The solvent blend used sh o ul d 
be adapted to dissolve the resizus as well as the dyes, 

20 and preferably will be sufficiently polar to form -Bie 
more stable Lewis acid hydrolysis product, althou^ 
ffmaii amounts of water may be added or may be provided 
from the environment to do so. The solvent systan 
should be suitable for substantially coniplete dissolution 

25 of the other ink constituents, and evaporate substantially 
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irooi the droplets of iz2k leavlzig the jet printing 
nozzle* . The solvent oan be a blend of one or more 
solvents selected trom alkyl ketones of from 2 to 5 
carbon atoms ^ aromatic hydrocarbons of benzene, toluene 

5 and ^lene, eUiylene glycol ethers of 3 or 4 carbon 

atoms, acetates of trcm 2 to 4 carbon atoms and aliphatic 
alcohols of 1 to 5 carbon atoms* Preferably, one 
solvent should be Included to readily solublllze the 
dye. If used, for example the aliphatic alcohol of from 

10 1 to 5 carbon atoms. The solvent blend Is fozmulated 
tcT adjustment of Ink properties such as the velocity 
of sound. Its wetting ability and its viscosity. 
Propylene carbonate, used to solvate BDS initiator, 
has also been found to be a proper component of the 

13 solvent system * 

Miscellaneous Components ; 

In addition to the aforesaid resin, initiator, 
colorant bd& solv«it constituents, the ink composition 
may contain small amounts of other additives such as 

20 optical brl^teners, e.g., HM-35 from Day-GLO Corporation, 
surfactants, e.g., FC 430 from 3H Corporation, which is 
a flxiorinated alkyl ester surfactant, and coupling 
agents, e.g., L720 which is an organosilane available 
. trcm Dow Chemical Company. 
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Composition of the Jet Iiaks 



The disclosed herein contain 10 to 7056 by 
wei^t of one or more of the epooqr resins hereinbefore 
referred to as the essential prepolymers, preferably 
25 to 60J6 by weight of the said resins. Preferably, 
a blend of epoasy resins comprising IXffiBA resins and one 
or more of ihe oilier essential epa:gr resins hereinbefore 
named (that is, not Including the reactive diluents 
or the hi^ mOlecular wei^t reactive aresins used to 
enhance adhesion) are used in the vei^t ratio of 
between 1:4 to 4:1, most preferably 1:2 to 2:1. 
Novolac resins are advantageously Included in the 
preferred resin blezids to promote crosslinking having 
hi^ily branched structures. Substantial branching, 
sufficient to obtain iinproved adhesion of the cured 
indicia on the substrate surface, .is obtained with a 
ratio of between about ©•! to 0.5 parts novolac resin 
per part of non-novolac resln« Hence,- excellent jet 
-fT^ic conqpositions are obtained, based on the most 
preferred blends mentioned above, with the essential 
epoxy resins wi1±iin the following ratios: 



Pbw 



DC£BA 

Novolac 

Other 



1-2 

0. 273-1 
CV-1.727 
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Dependlng upon the selection of essential resins 
and the solvent system, up to 4095 by weight of the 
Ink may contain reactive diluents, althou^ generally 
ibe amount of reactive dlltzent. If used, would be less 
than 15% by weight of the Ink. The reactive diluent 
Is especially useful where hlga concentrations, over 
355i by welgjit of the Ink, of hl^ viscosity or solid 
DCSBA or novolac resins are included in "Qie ink 
concentration. The diluents serve to reduce viscosity 
of such formulations without providing substantial 
amounts of solvent that otherwise flash evaporate. 
While the diluent does not enhance adhesion and rub 
resistance to the cured indicia, its use in combination 
with the essential resins and in proper amounts does 
not deleterlously affect indicia properties. 

The initiator cosprlses 1 and 123t of the ink on 
a wei^t basis, said percentage range being on a 
solvent and/or inert free basis. 

Typicially, the cc^orant cooprlses less than 29b 
by weli^t of the ink; preferably less than l.OH by 
wei^t. 

The solvent blend comprises the remainder of the 
composition, the solvent percentage including the 
solvent, if any, for the photolnitiator. Hence, the 
solvent can comprise .between about 10 to about 859^ of 
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the Ink by weight althou^ typlcBUy the solvent 
represents about Z5 to about SOji of the ink by weight. 
Low solvent concentrations, i*e«, solvent wei^t 
percents between about 10 to 25% usually indicate that 

3 a reactive diluent has been included In the ink 

composition* Hi^ solvent concentrations, above 605fit 
are typically employed when a reactive diluent is not 
included a nd >ii gh viscosity DGEBA and novolac resins 
are used. ■ Pref erably, the solvent blend comprises 

10 methanol and methyl ethyl ketone in the wei^t ratios 
of 1:4 to 4:1, preferably between 1:2 to 2:1. Up to 
ZOji isopropanol may advantageously be included in the 
above solvent blend to enhance the wetting piroperties 
of -Hie ^TtV on the substrate, the isopropanol evaporating 

15 more slowly from the ink droplets leaving -the printer. 
Methanol is also a preferred solvent because we have 
found it acts as a chain terminator, thereby preventing 
reaction until use, -aius providing excellent ink stability. 
When -the ink is used, i^e methanol evaporates rapidly 

20 £r<m tbB system pexmitting reaction to occur. 

The jet printing process employing inks as 
described above will now be described by way of example. 

A continuous stream of ink is transferred from 
a pressurized supply ireservoir for discharge as droplets 
25 tram a printing nozzle at ambient conditions. The 
pressure in the reservoir is sufficient to overcome 
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transfer line and nozzle pressure drops, the pressxire 
being about 10 to 50 psla (0.69 to 3.45 bar). The 
disposition of the droplets exiting the nozzle Is 
dependent on whether a coded message Is to be printed 
5 on a substrate. Assuming that the coded message Is 

not to be printed, the droplets are recaptured proximate 
to the nozzle and cycled back to a return tank. 
Because the nozzle always discharges to atmosphere, it 
is necessary "Ujat the return tank be under vacuum, 
10 the return tank pressure being about 4-6 psia (0.28 
to 0.41 bar). 

Vhen an article to be encoded passes beneath the 
printer ziozzle, a portloa of the droplet stream is 
deflected by a pre-set series of electric signals 
15 thereby causing ^3a.e coded message to be printed. The 

bulk of the droplets, however, continue to ie recaptured: 
for transfer to the return tank. This system is used 
because the actual amount of ink necessary for printing 
the coded nSessages is substantially smaller than -Qie 
20 volumetric flow rate throu^ the printing equipment 
required for meaningful control. Droplets applied to 
- the substrate are ^osed to ultra-violet li^t, and 
the reaction begins, residual solvent simultaneously 
evaporating from the droplets. Hie drier and cured 
25 indicia adhering strongly to the substrate and resistent 
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to fading, rubbing and smearing. 

Make-up Solution 

Because of the flash vaporization ^ch occurs 
at the nozzle, and the reduction in pressure in the 
return tank, -tbB coniposltlon of laie ink In the iretum 
tank is different than the ink in -tte siqiply reservoir. 
For this reason it is necessaiy to reconstitute the 
former for eventual re-use by the addition of make-ixp 
solution. - The make-op formulation is a function of 
the rate of loss of the ink constituents, and consists 
essentially of the volatile solvent species, but may 
also InfTl^^*^*^ non-sdvent constituents. Ta general, 
the mate-up formulation is added intermittently. 
Die return tank can be mounted on a weig^ scale, or Its 
volume measured, and as evaporation occurs, an automatic 
valve actuated to transfer make-^ solution to Hie 
simply reservoir. Alternately, a property of the ink 
could be monitored, e.g., specific gravity, to actuate 
■aie transfer. Becaaase the rate of loss is dependent 
upaa the actual ink coinposition and operating conditions, 
•Hie make-«5> solution congposltlon should Toe determined 
a priori by a trial and error procedure. 

The exaii5)les below further illustrate the. present 
invention: 
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• Example 1 



Epoxy Resins pbw pbw 

Diglycidyl ether of bisphenol A 

(Epon 825, Shell Chemical Company) 26.0 

3, 4-Epoxycycl<*exylmethyl-3 , 4-epoxy- 
cyclohexane carboxylate (ERL 4221, 

Union Carbide Corporation) 14.2 

Monoglycidyl ether (Epoxide 8, 

Proctor and Gamble Company ) 7.2 



%7.4 47.4 



Solvent System 



Methanol T. 6 

Sthanol 4.3 
Methyl ethyl ketone 9.7 
Ethylene glycol monomethyl ether 

(methyl Cellosolve, Union Carbicte Co.) 19.2 

OTTff 40.8 

Other Components 

Bis* [4* (diphenylsulfonio) 
phenyl) sul£ide-bis 
hexafluorophosphate in 33% solution 
by weight o£ propylene carbonate 
(BOS photoinitiator , . 

American Can Company) 9.5 
Spirit Soluble Fast Violet RR dye 

(BASF - Wyandotte Corp.) 
Dimethyamine hydrochloride electrolye 
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The monoglycidyl ether Is a reactive diluent. 
Althou^ run sucqessfully on aluminium foil, several 
drawbacks were noted. Not all of the dye dissolved, 
and curing of the resin took longer than expected. It 

5 appeared "Oiat the presence of the electrolyte, normally 
included in iet ink compositions, interfered with 
formation of the Lewis acid, and prevented rapid 
curing. The high percentage of methyl Cel^osolve 
also affected drying time in that this solvent tended 

10 to remain with the resin rather than be subject to 
flash evaporation. Finally, the solvent system was 
not formulated, for conplete dissolution of the dye. 
In Eacample 1 as well as in the other examples below, 
the amount designated for the Initiator includes the 

15 solvent and/or inert material therefor. 
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Example 2 

EDO XV Resins 



Pbw Pbw 



Epon 825, Shell Chemical Company 22«3 

ERL 4221, Dnion Carbide Corporation 11.9 

Epoxide 8, Proctor and Gamble Conpany 5.8 
Diglycidyl ether of bisphenol A 

(Varcum 27-109, Reicbbold Chemical 

Company) . 5>0 



4570 45.0 



Solvent System 

Methanol lO^J 
Ethyl acetate 25.0 

Methyl Cellosolve -Ifiifi 



45.0 45.0 



Other Components 

BDS pbotoxnitiator in 33% propylene 

Carbonate, American Can Ccnnpany 10.0 
Orasol Black RL dye (Ciba-Geigy, Corp.) 1.0 
PC 430 Surfactant, 3M Company . 0^1 

101.1 



The ink cured more easily than the jet ink of Example 1, and 
provided slightly better adhesion to the substrate. Varccm 
27*109 is not considered an essential prepolymer, but was 
Included for improved adhesion. 



Example 3 



Pbw Pbw 



Epoxy Resins 

Epon 825 "-J 
ERL 4221 . ? o 

Epoxide 8 

Or tho-»cr esol form aldehyde 

novalac epoxy resin (EOI 1235, ^ 

Ciba-Geigy Corporation) 33 g 



Solvent System 
Methanol 

Methyl ethyl ketone 
Methyl Cellosolve 
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other Components 

BOS photoinitiator 

Spirit Soluble Past Violet BR 

FC 430 



U.O 
1.0 
0.1 
100.0 



The dye dissolved more readily in the above solvent 
system, while the presence of the novolac resin provided 
branching of the crosslinked epoxy resins. As a result, better 
solvent resistance of the cured indicia was noted. 



Epoxv Resin 

Epon 825 
EBL 4221 
^xide 8 
EQI 1235 



Example 4 



Pbw 

15.2 
8.1 
4.0 
5.0 



R)w 



32.3 



Solvent Systan 
Methanol 

Methyl ethyl ketone 

Isopropanol 

Water 



22.7 
22.-7 
7.2 
4.5 

TfTl 



57.1 



Other Components 

BDS phot initiator 

Spirit Soluble Fast Violet BR 

FC 430 



9.0 
1.4 
0.1 

ido.O 



Methyl Cellosolve was eliminated fran the solvent system and 
was found not to be essential for solubilizing the epoxy 
resins. Surprisingly, about- 4.5% water by weight did not cause 
instability of the ink or prevent cure. 
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EKample 5 

Epoxy Resin Pb„ 



^",2?? 23.0 

2.5 
6.0 
9.8 



Epoxide 8 



17.0 



Pbw 



51^ 51.3 



( - 

Solvent Systatt 
Methanol 

Methyl ethyl ketone ItIo 

34.0 34.0 



Other Components 

BOS photolnitiator, American Can Ccmpany 12 7 

Spirit Soiuble Past Viuolet RR dye, BASF- 

Wyanctotte Corporation 
Organosilane coupling agent (L720, Dow 

Chemical Co.) j^j^^q 

Viscosity of the above ink composition was about 5 mPa.s a^d the 
velocity of sound was about 1,400 meters per second, each 
property being measured at about 25*'c. 
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Epoxv Resins 



Example 6 

Pbw Pbv 



Epon 825 20.0 
EHL 4221 



BDS photoinitiator 

Spirit Soluble Fast Violet HR 

FC 430 



S.O 



Epoxide 8 
Monoglycidyl ether (Epoxide 7, 

(Proctor and Gamble Company) o 



11.0 



Solvent System 

Methanol „ 
Methyl ethyl ketone g'^ 22.0 



Other 



14.0 
1.0 
0.1 



100.1 
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viscosity, nPa.s at Z5^C 
Velocity of Sound, mps at 25°C. 



S.35 
1386 



EXftMPLE 7 



Epoxy Resins 

Epon 825 
EBL 4221 
Epoxide 8 
ECU 1235 



Pbw 

27.0 
.15.0 
7.0 
11.3 
60.3 



Pbw 



60.3 



Solvent System 
Methanol 

Methyl ethyl ketone 
n-pcopyl acetate 



16.0 
8.2 
16.0 
40.2 



40.2 



Other 

BDS pbotoinitiatoc 

Spirit Soluble Fast Violet RR 

PC 430 



15.0 
1.0 
0.1 

HITS 
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Example 8 



-Epoxy Resins . Pbw Pbw 

Epon 825 22.6 

ERL 4221 12.0 

Epoxide 8 6.0 

ECN 1235 10.0 
Oiglycidyl ether o£ bispbebol A 

(Araldite 6060, Ciba-Geigy Corp.) 9.0 

59.0 59.0 



Solvent System 

Methanol 13.0 

ttethyl ethyl ketone 6.0 

n-propyl acetate 12.0 



Other 



TETo 31.0 



BDS photoinitiator 12.0 
Spirit Soluble Fast Violet SR 0.8 
PC 430 0.1 

102.9 
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Example 9 

EpQxv Resin Pbw Pbw 

j^n 825 . II. 0 

ERL 4221 6.0 

Epoxide 8 3.0 

ECN 1235 6.8 

26.8 26.8 



Solvent System 

Methanol 29.0 
Methyl ethyl ketone 23.0 
Isopcopanol 3.4 

55.4 55.4 



Other 

Alkali Soluble Modified 

Rosin Ester (Pentalyn 255/ 

EerculeS/ Inc.) 4.0 
BOS Photoinitiator 12.0 
Spirit Soluble Fast Violet RR 1.6 
PC 430 ■ 0.04 

99.84 



Pentalyn 255 is a rosin binding agent to provide better 
adhesion of the indicia to the substrate. The properties of 
the ink were: 



Viscosity, inPa.s at 25°C 2.54 
Velocity o£ Sound, mps at 25%. 1,300 
Resistivity, ohm-cm. 650 
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dalnss 

1, A ^et ink composition Tor producing visilile 
indicia on a substrate, the ink coinposition being 
formulated tnm a polynerizaKLe epoxy resin, a colorant 
J and a solvent, characterised in that the ink con^wsition 
lias at 25°C a viscosity of 1.5 and 25 mPa.s, a resistivity 
of less than AOOO oha-cm, , and a velocity of sound 
between 800 and 2,500 meters per second, and "ttie 
ink composition comprising (A) 10 to 7056 by weight 
IX) of an epoxy resin selected from (i) dlglycidyl ethers 
of bisphenol A, said resin being predominately the 
aonomer thereof, (ii) polyepoxidized phenol or cresol 
novolacs, (iii) diepoxide ethers or esters having 
two epoxy cydoalkyl groups, (iv) polygLycidyl ethers 
15 of polyhydilc alcohols, and (v) combinations thereof, 

•ttie said epoa^ resins being liquid at room temperature • 
or having a Durran melting point of less than 100 C, 
and having an epoosy equivalent weight of less "Uaan 
300; (B) 1 to 1256 by wei^t of a photoinitiator, 
20 capable of rapidly polymerizing the epoaqr resins tdiiclx 
provides a Lewis acid effective to I nitiate said 
polymerization reaction upon exposure to a source 
of radiation such as ultra-violet lig^t; (C) less 
laian 256 by weight of a colorant that does not adversely 
25 affect cure of the epaxj resins; and (D) a solvent 
blend containing solvents selected from aliphatic 
alcohols having one to five carbon atoms, alkyl ketones 
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having two to five carbon atoms , aromatic hydrocarbons 
of benzene 9 toluene and xylene ^ propylene carbonate ^ 
ethylene ^ycol ethers having three or four carbon 
atoms, alkyl acetates having two to four carbon atoms, 

5 and combinations of these solvents, the solvent 
blend being volatile at ambient conditions « 

2^ The composition according to claim 1, 
characterised in that the epoxy resin is selected 
from resins including liquid diglycldyl e1^er of 

10 bisphenol A having a viscosity of between 5000 to 
33000 mPa«s at 25^C.has an epoxy equivalent weight 
of between 170 and 230, phenol or cresol novolac 
is selected troai novolacs having a viscosity of 
between 1400 to 70000 mPa*s at 52^C. and an epoxy 

13 equivalent wei^t of between 170 to 233 1 the dlepoxlde 
resin is selected from 3t4-epoxycyolohexylme-Uiyl-3,4- 
epoxycydohexane carboxylate, bis (3,4-epQxy-6- 
methylcydohexylmethyl) adlpate, and bis (2,3- 
epos^yclopentyl) ether, and the polygLycldyl ether 

20 is selected from l,4->bis (2,3-*epQxypropoxy) butane, 
bis Q2-(2,3-epoxypro^) etbyl3 ether, and 1,2,3-trls 
(2, 3-epoxypropoxy)propane. 

3. Ihe composition according to claim 1 or 
claim 2, characterised in that the epoxy resin is a 
23 blend of dlgpLycldyl ether of bisphenol A and one or 
more other resins in the weight ratio of 1:4 to 4:1* 
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4. The composition according to any of claims 
1 to 3, characterised in "Hiat the resin blend 
contains 0.1 to 0.5 parts novolac epoxy resin per 
part of non-novoLac epoxy resins. 
3 5. The composition according to any of claims 

1 to 4, characterised in that "the colorant is a 
pigment having a particle size of less than 5 microns, 
or an azo/metal complex dye. 

6. The composition according to claim 5, 

10 characterised in that the colorant is selected from 
Spirit Soluble Fast Violet RR and Orasol Black RL 
dyes. 

7. The composition according to any of claims 
1 -to 6, characterised In that the solvent system 

15 con?)rises methanol and methyl ethyl ketone in a 
weigh* ration of 1:4 to 4;1. 

8. The cemposition according to claim 7, 
characterised by the solvent system containing tq> 
to 2056 isopropanol by wei^t. 

20 9. The con^wsition according to any of claims 

1 to 8 characterised in that the epoxy resin constitutes 

25 to 5056 of the ink by wei^t. 

10. The composition according to any of claims 

1 to 9, characterised in that its viscosity is 1.5 
25 to 18 mPa.s, its resistivity is 500 to 2500 dhm-cm., 

and the velocity of sound therein is 1,150 to 1,750 
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Dps 9 ^0 , 1 measured at 23^C« 

11. The coorposltlon according to any of claims 
1 to lOf chairacterised In that the photolnitiator Is 
an onlum salt selected fk'om aromatic dlazonlum salts 

3 of complex halogen halldes^ dlaryliodonlum salts » 

and aromatic onlum salts of Groizp Va and Via elements 
of the Periodic classification of the elements. 

12. The composition according to claim 11, 
characterised In that "Uie photolnitiator is a bis- 

10 ^4-(dlphenylsulflo)phenyl3 sulfide bls^.X6 aromatic 
onlum salt of Graap Va^ where M Is selected from the 
group consisting of xdiosphorousy antimony and arsenic , 
and X Is a hallde, the photolnitiator being solvated 
In a 339( solution by velglit of propylene carbonate. 
13 13. The cocqposltlon according to any of claims 

1 to 12, characterised by having a tack ffee time 
less than 30 seconds and preferably less than 3 seconds. 

14. The composition according to any of claims 
1 to 13 y ftnrther characterised by comprising up to 
20 405fi by wel^t of a reactive diluent epoxy resin. 

13. The composition according to any of claims 
1 to 14, characterised by further comprising up to 
13% by wel^t of a binding agent resin. 

16. A process of Jet printing for producing 
23 visible coded messages on glass, metal or polymeric 
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substrates » characterised by 

(1) formixig a jet ink coiqposition having (at 25°C) 
a Tiscoslty of 1.5 to 25 inPa.s, a xesistivity of 
less than 4000 6hin-cm., and a velocity of sound therein 
bf 800 to 2,500 meters per second, the ink conposi-tian 
being formed from (A) 10 to 70?6 by weigjit of an epoxy 
resin selected from (i) digLycidyl ethers of bisphend A, 
said resin being predominately the monomer thereof, 
(ii) polyepoxidized phMiol or cresd novolacs, (iii) 
diepoxide ethers or ester having two epoxy cycloalkyl 
ertms, (iv) polyglycidyl ethers of polyhydric alcohols, 
and (v) combinations thereof, the epoogr resins being 
liquid at room temperature or having a Durran melting 
point of less than 100**C. and having an epoxy equivalent 
15 vei^t of less than 300; (B) 1 to 12SS by wei^t of a 
photoinitiator capable of rapidly polymerizing the 
epoxy resins and of "Oie type that provides a Lewis acid 
effective to initiate said polymerization reaction 
T^on eqjosure to a source of iradiation such as ultra- 
20 violet li^t; (C) less than 256 by wei^t of a colorant 
that does not adversely affect cure of the resins, 
and (D) a solvent blend containing solvents selected 
from aliphatic alcohols of one to five carbon atoms, 
alkyl ketones of two to five carbon atoms, aromatic 
25 hydrocarbCHtts of benzene, toluene and :grlene, propylene 
carbonate, ethylene glycol ethers of three or four 
carbon atoms, alkyl acetates of two to four carbon atoms. 
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and combinations of same, said solvent being volatile 
at ambient conditions; 

(2) discharging the ink composition as a stream 
of electrically deflectable droplets throu^ a nozzle; 

(3) passing a siibstrate beneath the nozzle, 

(4) deflecting the droplets onto the substrate 
in response to pre-^set electric signal to form the 
coded message, and 

(5) contesrppraneously exposing the deflected 
ink conqposltion to a source of the said radiation, 
whereby its photolnltlator releases sufficient amounts 
of -Qie Levis acid to effect rapid and substantial 
polymerization of the epoxy resin constituents. 

17 • A process according to claim 16, characterised 
in that the irik employed comprises 25 to 50% by wei^t 
of an eposgr resin blend comprising, by wei^t percent 
of said blend, 20 to 809( of a dlglycidyl ether of 
bisphenol A, said resin being predominantly the monomer 
thereof and having a viscosity of between 5000 to 
350CDmFa«s at 23^C» and has an epoxy^ equivalent wei^t 
of between 170 and 230, 0 to 25% of a polyepoxidlzed 
phenol or cresol novolacs having a viscosity of 
between 1,400 to 70,000 mPa«s at 52^C» and an eposgr 
eqjoivalent weifi^t of between 170 to 235* and 20 
to 80% of a dlepoxide ether or ester having two epoxy 
cycloalkyl groups. 
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jirocess accordlxig "to daim l6 or dulm 17, 
<diaracterised In that ttoe Ink employed contaliis an 

salt photoinitlator selected from aromatic 
^4«^»nHitm salts of complex halogen haiides, diaryliodonlam 
5 fialts and aromatic onium salts of Gscaap Va and Via - 
elements, 

19, A process according to claim 18, characterised 
in -aiat the photolnitiator is a l)is^A-(diphei^lsulfio) 
phenyl] sulfide bis-M.X6 aromatic onium salt of a 
10 Group Va element, where M is selected from the group 
consisting of phosphorous, antimony and arsenic, and 
I is a halide, the photolnitiator being soLvated in 
a 3356 soLutian by wei^t of propylene cartonate. 

20. A process according to .claim 16, 17 or IB, 
15 characterised in that "Hie ink employed has a colorant 

selected ftom Spirit SduKLe Past Violet RR and 
Orasol Black RL dyes. 

21. A process according to any of cl aim s 16 
•to 20, diaracterised in -Oiat the ink is discharged 

. 20 continuously from a supply reservoir and througji 

the nozzle at ambient conditions, ink not deflected 
onto the substrate being captured for reuse. 



